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INTRODUCTION
Cinnamon has been used for centuries as spice with 
several pharmacological benefits due to the presence 
of polyphenolic constituent including phenolic acids, 
coumarin proanthocyanidin besides volatile essential 
oils (Momtaz et al. 2018; Wang et al. 2013). Cinnamon 
therapeutic application also corresponds to its antioxidant, 
anti-inflammatory, anti-fungal, anti-mutagenic and 
anticarcinogenic properties (Jayaprakasha et al. 2007; 
Mathew et al. 2006). Cinnamaldehyde is the main compound 
of the volatile oils which contribute to the aromatic smell 
of cinnamon. Besides its antimicrobial, antioxidant, anti-
tumor bioactivity, cinnamaldehyde was reported to aid as 
neuroprotection due to its potential in inhibiting tau protein 
aggregation, the hallmark of Alzheimer’s disease (AD) 
(Momtaz et al. 2018; Peterson et al. 2009; Singletary 2008). 
Thus, optimization of  cinnamaldehyde extraction would 
towards AD treatments. Response surface methodology 
Cinnamon is a spice obtained from the inner bark of cinnamomum tree. Cinnamaldehyde, the major consitituent of the 
cinnamon essential oil is responsible for the flavor and aroma of whole cinnamon. Cinnamaldehyde have various 
medicinal application including neuroprotection. Thus, this study intends to identify the optimal condition for 
cinnamaldehyde extraction with high antioxidant activity of cinnamon extract. Responses (cinnamaldehyde yield, TPC, 
and TEAC) were optimized using response surface methodology (RSM) by employing two factors (temperature and 
extraction time) based on a three level face centered central composite design (CCD). Level of extraction temperature 
used were 30 °C, 55 °C and 80 °C, while extraction time were 4, 7, and 10 h. The CCD consisted of  8 experimental point 
and 5 replicates of central points. The optimal conditions to obtain maximum cinnamaldehyde yield, TPC and TEAC 
were extraction temperature of 37 °C at 5 h extraction time with predicted cinnamaldehyde yield of 3.05 mg/g, TPC of 
682.17 mg GAE/ g and TEAC of 821.57 µmol TE/g respectively. The experimental values obtained for the 
cinnamaldehyde yield, TPC, and TEAC under the optimal condition were 3.11 ± 0.71 mg/g, 682.66 ± 54.85 mg GAE/g, 
and 817.89 ± 9.03 µmol TE/g. The proximity between experimental and prediction values verify the fitness of RSM models 
applied for determination of optimal condition for cinnamaldehyde extraction.
Kayu manis adalah rempah yang diperoleh daripada kulit dalaman pokok daripada tumbuhan Cinnamomum. 
Sinamaldehid, adalah sebatian utama minyak pati kayu manis yang bertanggungjawab untuk rasa dan aroma 
keseluruhan kayu manis. Sinamaldehid mempunyai pelbagai aplikasi dalam perubatan termasuklah perlindungan   
dihedlamanis nakartskegnep igab mumitpo naadaek itsap lanegnem kutnu naujutreb ini naijak ,uti helO .oruendengan  
aktiviti antioksidan ekstrak kayu manis yang tinggi. Respons (hasil sinamaldehid, TPC dan TEAC) telah dioptimumkan 
menggunakan kaedah tindak balas permukaan (RSM) dengan mengaplikasikan dua faktor (suhu dan masa 
pengekstrakan) berdasarkan tiga tahap reka bentuk komposit berpusat (CCD) berpusat muka. Aras suhu pengekstrakan 
yang digunakan adalah 30 °C, 55 °C dan 80 °C, manakala masa pengekstrakan adalah 4, 7 dan 10 jam. CCD adalah 
terdiri daripada 8 titik uji kaji dan 5 ulangan titik pusat. Keadaan optimum untuk memperoleh hasil sinamaldehid TPC 
dan TEAC maksimum adalah suhu pengekstrakan  37 °C pada  5 jam masa pengekstrakan dengan hasil sinamaldehid  
diramalkan  3.05 mg/g, 682.17 mg GAE/ g TPC dan 821.57 µmol TE/g TEAC. Nilai uji kaji yang diperoleh bagi hasil 
sinamaldehid, TPC dan TEAC pada keadaan optimum adalah 3.11 ± 0.71 mg/mL, 682.66 ± 54.85 mg GAE/g dan 817.89 
± 9.03 µmol TE/g. Kehampiran antara nilai uji kaji dan ramalan mengesahkan kesesuaian model RSM yang digunakan 
bagi penentuan keadaan optimum pengekstrakan sinamaldehid.
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(RSM) can be used as an optimization method which 
response (Zhen et al. 2008). RSM comprises mathematical 
and statistical techniques based on a polynomial equation 
behavior of the data set with the objective of projecting 
have been reported on the optimization of cinnamon 
and cinnamaldehyde extraction (Dvorackova et al. 
2015; Lee et al. 2018; Nandam et al.2012; Wardatun et 
al. 2017) and studies by Suryanti et al. (2018) reported 
moderate antioxidant activity of cinnamaldehyde with 
IC50 of  95.38. However, correlation between the yield 
of cinnamaldehyde with antioxidant activity of cinnamon 
extract has yet to be reported. Therefore, this study aimed 
to determine the optimal condition for cinnamaldehyde 
extraction and antioxidant activity of cinnamon extract.
MATERIALS AND METHODS
CINNAMON EXTRACTION
Ceylon cinnamon purchased from Sri Lanka was ground 
to a particle size of  0.5 mm. The maceration extraction 
of cinnamon was carried out using 95%(v/v) ethanol 
(Wardatun et al. 2017) at a solvent to solid mass of 10 
      
    
QUANTIFICATION OF CINNAMALDEHYDE YIELD USING 
RP-HPLC
Reversed phase- high performance liquid chromatography 
(RP-HPLC) was used to quantify the yield of 
cinnamaldehyde extracted through external standard 
calibration. The conditional parameters involved in the 
RP-HPLC
volume of 20 µL; mobile phase of acetonitrile and 
deionized water with a ratio of 60:40; temperature of 40 
°C and (5) photodiode array detector (PDA) wavelength at 
280 nm (Jiao et al. 2013).
OPTIMIZATION USING RESPONSE SURFACE METHODOLOGY 
(RSM)
Response surface methodology was used to predict the 
optimize conditions for cinnamaldehyde extraction 
based on cinnamaldehyde yield, TPC and TEAC. Thirteen 
experimental trial were randomly run per Central 
Composite Design (CCD) with independent variables 
consisting of temperature (X1: 30 °C, 55 °C, 80 °C) and 
extraction time (X2: 4 h, 7 h, 10 h) employed at three 
HTXLGLVWDQWOHYHOVí
TOTAL PHENOLIC CONTENT (TPC) AND TROLOX 
EQUIVALENT ANTIOXIDANT CAPACITY (TEAC)
The total phenolic content of extracts was determined 
using the Folin-Ciocalteu Calorimetric method according 
to Sembiring et al. (2018) and Yang et al. (2012) 
ZHUHSODFHGLQPLFURSODWHZHOOV6XEVHTXHQWO\ȝL of 
Folin Ciocalteu (10%,v/v) was added. Mixture was left 
incubated in dark at ambient temperature for 10 min. 
Then, 80 ȝL Na2CO3 (7.5%) been added. The mixtures 
were shake and left in dark for 2 h and the absorbance 
was measured at 765 nm. Total phenolic content was 
assessed by plotting the gallic acid calibration curve 
(Y=0.0032X  0.9436) and expressed as milligrams 
of gallic acid equivalents (GAE) per grams of dried 
extract. While DPPH scavenging ability assay was used 
to evaluate the antioxidant activity of each extract with 
Trolox as standard. Test was conducted in a 96-well plate 
where 100 ȝL of  samples extract and 100 ȝL of DPPH 
solution 0.2 mM were added to each well. After 30 min 
incubation at room temperature in dark room, absorbance 
was read at 517 nm using micro-plate reader. The DPPH 
radical scavenging (%) of samples were calculated 
using (1). Antioxidant capability of the extracts would 
be expressed based on Trolox equivalent antioxidant 
capacity (TEAC) in the unit of  µmol TE/g. TEAC  fo 
samples were calculated based on calibration curve (Y = 
35.987X  38.67) of Trolox DPPH scavenging activity 
(%) against log series dilution concentration plot. 
VERIFICATION OF OPTIMUM PREDICTED AND 
EXPERIMENTAL DATA
After determination of optimum condition with predicted 
cinnamaldehyde yield, TPC and TEAC values, experimental  
was done in triplicate for optimum condition validation. 
Validation was done through Root Mean Squared 
Deviation (RMSD) (Haslaniza et al. 2013; Pineiro et al. 
2008) using the following formula:  
where     is the Observed value, and yi  is the Predicted value.
RESULTS AND DISCUSSION
DETERMINATION OF EXHAUSTIVE TIME EXTRACTION
cinnamaldehyde. The yield of cinnamaldehyde increased 
p <0.05) with an increase in extraction time 
in the cinnamaldehyde yield at consecutive increase of 
extraction time up to 10 h. The yield of cinnamaldehyde 
p<0.05) from 12 to 24 
h extraction time. The decline in cinnamaldehyde yield 
was due to the volatile properties of cinnamaldehyde as 
extraction time increased besides the high temperature 
% DPPH Scavenging  =                                x 100  (1)
ADPPH - ASample
          ADPPH
20with 
   
      
mL/g at 80 OC for exhaustive extraction time determination 
 (Dvorackova et al. 2015). For optimizing, various temperature 
 and extraction time according to design of experiment were
applied for cinnamon extraction (Table 1). 
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which enhance the loss of cinnamaldehyde (Kim 2017). 
Therefore, for optimization, the range of extraction time 
used were from 4 to 10 h. 
DETERMINATION OF OPTIMUM CONDITION FOR 
CINNAMALDEHYDE EXTRACTION
Multiple linear regression results and analysis of the 
Face centered composite design RSM with independent 
variables consisting of temperature (A: 30 °C,55 °C, 80 
°C) and extraction time (B: 4 h, 7 h, 10 h) employed at 
three equidistant levels í 0, +1) was used to acquire 
optimal condition for cinnamaldehyde extraction 
accompany with high TPC and TEAC. According to 
Table 1, the yield of cinnamaldehyde obtained from 13 
experimental runs ranged from 2.48 mg/g to 3.27 mg/g. 
Meanwhile, the TPC and TEAC ranged from 570.40 mg 
GAE/g to 686.44 mg GAE/g, and 772.31µmol TE/g to 
826.14 µmol TE/g, respectively. Multiple regression 
analysis suggested that cinnamaldehyde yield (CY) 
TPC and TEAC
R2. From the variance analysis (Table 2), all responses 
p<0.05
p>0.05) accompanied with R2 
for all model higher than 0.75 (Haslaniza et al. 2013) 
2 values for CY, 
TPC, and TEAC were 0.9981, 0.8576, and 0.8174. The 
reasonable agreement between predicted R2 and adjusted 
R2
optimal condition for cinnamaldehyde extraction (Table 
2).
EFFECTS OF TEMPERATURE AND EXTRACTION TIME ON 
CINNAMALDEHYDE YIELD, TPC, AND TEAC
The ANOVA results demonstrated that both extraction 
parameters,  temperature (X1) and extraction time (X2) 
p<0.05) for CY, TPC, 
and TEAC
variables, temperature,°C (X1) and extraction time, 
hours (X2) were in negative values implying that 
cinnamaldehyde yield, TPC and TEAC decreased 
with an increase in temperature and extraction time. 
Cinnamaldehyde is a volatile constituent of ceylon 
cinnamon essential oil. Thus, due to its volatile 
properties, at high temperature and prolonged extraction 
time reduction in cinnamaldehyde yield was observed 
(Kim 2017). 
Cinnamon extract contains polyphenolic 
constituents which responsible for the antioxidant 
properties of the extract (Momtaz et al. 2018). The 
antioxidant properties of cinnamon extracts were 
represented by TPC and TEAC
showed the declination of TPC and TEAC with an 
increase in temperature and extraction time. This 
occurrence is due to thermal degradation of polyphenols 
at prolonged extraction time at high temperature (Baba et 
al. 2016; Kim et al. 2018).
INTERACTION BETWEEN EXTRACTION TEMPERATURE AND 
TIME TOWARDS CINNAMALDEHYDE YIELD
ANOVA results showed the interaction between 
independent factors toward cinnamaldehyde yield but 
none for TPC and TEAC
equation. Three-dimensional (3D) response surface plot 
the independent factors on the yield of cinnamaldehyde. 
p<0.05) 
for X11, X22, X12 which all in negative values. Figure 
2(a) shows the response surface for interaction between 
temperature and extraction time with cinnamaldehyde yield.
From Figure 2(a), it can be observed that cinnamaldehyde 
yield increase with increment in extraction time up to 
optimum point at each temperature. According to Abed 
et al. (2015) increase in temperature aid towards an 
of cinnamaldehyde in ethanol, thus producing higher 
yield of cinnamaldehyde. Subsequently further increase 
in extraction time and temperature showed declination 
in cinnamaldehyde yield. Cinnamaldehyde is the major 
substituent in cinnamon bark oil (Utchariyakiat et al. 2016) 
which is volatile. Due to its volatile properties, prolonged 
in the extraction time at higher temperature above 
optimum point causes declination in cinnamaldehyde 
yield (Ashakirin et al. 2017; Kim 2017). In addition, 
previous study also reported that cinnamaldehyde posses 
volatile and thermolabile characteristics and extraction 
yield of these compounds was inversely  proportional to 
the extraction temperature and time (Kim et al. 2017).
CORRELATION BETWEEN CINNAMALDEHYDE YIELD, TPC 
AND TEAC
According to Table 1, it can be observed that at the 
highest cinnamaldehyde yield of  3.27 mg/g, TPC, and 
TEAC were moderate with the reading of 638.78 mg 
GAE/g, and 789.55 µmol TE/g,  respectively. Meanwhile, 
cinnamaldehyde yield is lower at the highest TPC and 
TEAC of 686.44 mg GAE/g, and 826.14 µmol TE/g with 
a reading of 2.84 mg/g.  Although cinnamaldehyde have 
moderate antioxidant activity (Suryanti et al. 2018), 
output from Table 1 shows that antioxidant activity 
cinnamaldehyde yield but correlate with TPC as can be 
observed that, when TPC increases, TEAC also increased. 
which reported that polyphenolic constituents in 
cinnamon extracts were responsible for the antioxidant 
properties of the extract. Even though, the correlation 
between cinnamaldehyde yield and antioxidant activity 
was not observed, optimizing the extraction condition is 
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important prior to enhancing cinnamaldehyde yield and 
antioxidant capacity of cinnamon extracts simultaneously.
OPTIMIZATION OF EXTRACTION CONDITION
The optimal condition (Table 4) for cinnamaldehyde 
extraction with maximum TPC, and TEAC were 37 °C 
at 5 h extraction time with predicted cinnamaldehyde 
yield of 3.05 mg/g, TPC of 682.17 mg GAE/g, and 
TEAC of 821.57 µmol TE/g, respectively. Meanwhile, 
cinnamaldehyde yield, TPC, and TEAC under the optimal 
condition were 3.11 ± 0.71 mg/g, 682.66 ± 54.85 mg 
GAE/g and  817.89 ± 9.03 µmol TE/g, respectively. The 
root mean square deviation (RMSD) for all responses were 
0.03, 0.17, and 0.54, respectively. Small values of RMSD 
use to determine optimal condition for cinnamaldehyde 
extraction with high antioxidant capacity.
FIGURE 1. Cinnamaldehyde exhaustive extraction time (NS : p> 0.05) and *p 
FIGURE 2. 3-Dimensional surface of (a) cinnamaldehyde yield as a function of temperature (°C) and 
extraction time (h)
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TABLE 1. Two-independent variable and three dependent variables, three-level face-centered central composite design 
RSM 
Run
Independent variables Dependent variables
X1: X2: Y1: Y2: Y3
:
Temperature (°C) Extraction time 
(h)
cinnamaldehyde 
yield (mg/g)
TPC 
(mg GAE/g)
TEAC 
( µmol TE/g)
actual coded actual coded
1 55 0 7 0 3.27 ± 0.01 638.78 ± 22.32 789.55 ± 66.82
2 55 0 4 -1 3.04 ± 0.06 670.40 ± 12.89 819.09 ± 4.96
3 30 -1 4 -1 2.84 ± 0.02 686.44± 0.00 826.14 ± 5.00
4 55 0 10 1 2.87 ± 0.01 570.40 ± 55.20 772.31 ± 51.38
5 55 0 7 0 3.23 ± 0.00 631.13 ± 3.54 788.17 ± 9.54
6 55 0 7 0 3.25 ± 0.00 634.77 ± 13.63 805.37 ± 24.37
7 80 1 4 -1 2.76 ±  0.00 656.96 ± 17.19 801.75 ± 0.00
8 55 0 7 0 3.24 ±  0.01 627.69 ± 29.56 805.37 ± 24.37
9 80 1 10 1 2.48 ±  0.01 579.04 ± 18.63 774.76 ± 0.00
10 30 -1 7 0 3.10 ±  0.00 671.65 ± 18.59 823.69 ± 59.77
11 55 0 7 0 3.23 ±  0.02 619.25 ± 0.44 788.14 ± 0.00
12 80 1 7 0 2.91 ± 0.02 598.94 ± 4.42 778.15 ± 14.13
13 30 -1 10 1 2.74 ±  0.02 647.90 ± 26.09 788.14 ± 76.35
TABLE 2.  (CY), TPC and TEAC prediction data for ceylon cinnamon  
extraction
Responses Model Equation Model R2
Actual Equation <0.0001 0.751(not 0.9981
CY +0.63792 +0.043665*temperature +0.46026 * 
extraction time -3.90897E-004*temperature2
-0.032701 * extraction time2-6.00000E-004* 
temperature * extraction time
Adjusted
0.9967
Predicted
0.9935
Coded Equation
+3.25 - 0.088X1 - 0.092X2 - 0.24X11 -0.29X22 - 
0.045X12
Actual Equation < 0.0001 0.058 not 0.8576
+780.22605 -1.14028 * temperature -12.02546* 
extraction time
Adjusted
0.8292
TPC Coded Equation Predicted
0.6864
+633.33 - 28.51* X1 - 36.08 * X2
Actual Equation 0.0002 0.637 (not 0.8174
TEAC +870.98321 - 0.55538 * temperature - 6.20968 * 
extraction time Adjusted
0.7809
Coded Equation
+796.97-13.88* X1-18.63* X2 Predicted 
0.6937
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TABLE 3.  TPC, and TEAC ceylon cinnamon  
extraction
Cinnamaldehyde  yield(mg/g) TPC (mg GAE/g) TEAC (µmol TE/g)
F Prob<F F Prob<F F Prob<F
Independent 
variables
X1-temperature -0.088 222.92 < 0.0001 -28.51 23.16 0.0007 -13.88 15.99 0.0025
X2-
extraction time
-0.092 240.06 < 0.0001 -36.08 37.09 0.0001 -18.63 28.78 0.0003
Interaction
X11 -0.24 784.94 < 0.0001 - - - - - -
X22 -0.29 1139.11 < 0.0001 - - - - - -
X12 -0.045 38.57 0.0004 - - - - - -
TABLE 4. Optimization paramater predicted and verification responses result
Parameters Goal Lower
Limit
Upper
Limit
Temperature (°C) is in range 30 80
Extraction time (h) is in range 4 10
CY (mg/g) maximize 2.48 3.27
TPC
(mg GAE/ g)
maximize 570.40 686.44
TEAC
(µmol TE/g)
maximize 772.31 826.14
Solutions Temperature Extraction time CY TPC TEAC Desirability
Predicted 37 5 3.05 682.17 821.57 0.859
n 37 5 3.11 ± 0.71 682.66 ± 54.85 817.89 ± 9.03
RMSD 0.03 0.17 0.54
CONCLUSION
Analysis of variance (ANOVA) of response surface 
methodology (RSM) showed that the quadratic model 
TPC, and TEAC responses, respectively. The optimal 
condition for maximum cinnamaldehyde yield, TPC, and 
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TEAC were 37 °C at 5 h extraction time with predicted 
cinnamaldehyde yield of 3.05 mg/g, TPC of 682.17 mg 
GAE/g, and TEAC of 821.57 µmol TE/g, respectively. 
yield, TPC, and TEAC under the optimal condition 
were 3.11 ± 0.71 mg/g, 682.66 ± 54.85 mg GAE/g, 
and 817.89 ± 9.03 µmol TE/g. Cinnamaldehyde yield, 
TPC, and TEAC p<0.05
by temperature and extraction time with negative 
p<0.05) 
interaction between temperature and extraction time 
for all responses and the model were able to be used in 
determining the optimal condition for cinnamaldehyde 
extraction with maximum antioxidant activity.
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